The role of lysosomal proteases such as cathepsin B (Ctsb) and one of the paralogs of 36 cathepsin L (Ctsla) during yolk metabolism in fish oocytes is well established. However, the 37 function of Ctsb during embryogenesis, particularly in marine teleosts, has been poorly 38 documented. In this study, the spatio-temporal expression of Ctsb and Ctsla, their enzymatic 39 activities, and the processing of the Ctsb and its cellular localization, was investigated in 40 developing embryos of F. heteroclitus. Both fhctsb and fhctsla transcript levels, as well as 41 cathepsin B-and L-like activities, gradually increased in embryos from the 2-4 cell stage up 42 to 7 dpf. During the morula to gastrula transition an increase of the active FhCtsb single chain 43 form was followed by a rise in cathepsin B activity, which were apparently regulated by post-44 transcriptional mechanisms. During neurulation, a 8-fold increase in cathepsin B activity was 45 accompanied by a more moderate increase in cathepsin L activity, which was 6-fold enhanced 46 by 7 days post-fertilization. These increased catalytic activities were well-correlated to 47 changes in the electrophoretic pattern of yolk proteins and a strong expression of fhctsb and 48 its protein product in the yolk syncytial layer. The increase of cathepsin B activity was further 49 correlated with an increment of the relative amount of the FhCtsb single and double chain 50 forms, both active forms of FhCtsb. These results suggest that FhCtsb may be involved in the 51 mechanisms underlying the onset of gastrulation in F. heteroclitus embryos, and may play 52 complementary roles with FhCtsla during yolk metabolism. 53 54
and 7 pdf, were mechanically homogenized in 1 x Laemmli sample buffer (Laemmli, 1970) 
Immunoprecipitation and immunoblotting 209
Ten embryos for each developmental stage (2-4 cell, morula, blastula, 50% epiboly, late 210 neurula, and 7 dpf) were homogenized on ice in 500 µL of NP-40-containing lysis buffer (1% 211 NP-40, 1 mM CaCl 2 , 150 mM NaCl, 10 mM Tris-HCl pH 7.4) in PBS (137 mM NaCl, 2.7 212 mM KCl, 100 mM Na 2 HPO 4 , 2 mM KH 2 PO 4 , pH 7.4) supplemented with a cocktail of 213 protease inhibitors (mini-EDTA-free; Roche). Immunoprecipitation using 10 µg of anti-F. 214
heteroclitus Ctsb rabbit antiserum was performed as described (Raldúa et al., 2006) . Aliquots 215 of 10 µg of immunoprecipitated protein for each embryo stage were separated by SDS-PAGE 216 (15%) and electroblotted onto PVDF membranes (Bio-Rad) using glycine transfer buffer (190 217 mM glycine, 25 mM Tris pH 8.6, 20% methanol). Membranes were blocked with TBST (20 218 mM Tris, 140 mM NaCl, 0.1% Tween, pH 7.6) containing 5% non-fat dry powder for 1 h, 219
and then incubated overnight with 1:500 diluted anti-F. heteroclitus Ctsb antisera in TBST 220 with 5% milk powder at 4°C. As secondary antibody, a 1:8000 dilution of goat anti-rabbit IgG 221 coupled to horseradish peroxidase (Sigma) was used. Reactive protein bands were detected 222 using enhanced chemiluminescence (Amersham). Three independent experiments on different 223 batches of embryos were performed for quantification of band intensity using the Gel Doc 224 software (Bio-Rad). 225 226 8
Whole-mount immunocytochemistry 227
Embryos were fixed in 4% paraformaldehyde (PFA) in PBS overnight at 4°C, and 228 subsequently washed in PBST (PBS, 0.8% Triton X-100) and manually dechorionated. After 229 five washes in PBST, non-specific sites were blocked by incubation in PBST containing 10% 230 goat serum for 2 h at room temperature. Embryos were transferred to 1% goat serum PBST 231 with anti-F. heteroclitus Ctsb antiserum diluted 1:500 and incubated overnight at 4°C. 232
Negative controls were probed with the antisera preincubated with 100 µg of the synthetic 233 peptide used for immunization (Raldúa et al., 2006) 
Immunofluorescence microscopy 245
Chorion-bearing embryos at the gastrula stage (50-70% epiboly) were permeabilized 246 with 3% NaOCl for 1 min, and fixed with 4% PFA in PBS for 4 h at room temperature. After 247 fixation, embryos were manually dechorionated and refixed with 4 % PFA for 1 h. Embryos 248 were then washed, dehydrated and embedded into Paraplast. Sections (15 µm) were 249 rehydrated and blocked with 5 % goat serum in PBSTB (0.1% BSA, 0.05% Tween 20 in 250 PBS) for 1 h, and incubated with anti-F. heteroclitus Ctsb antisera (1:100) in 1% goat serum 251 PBSTB overnight at 4ºC. After washing, sections were incubated with a secondary anti-rabbit 252
IgG FITC-coupled antibody (Sigma) for 1 h, and subsequently with 4',6-diamidino-2-253 phenylindole (DAPI; Sigma) diluted 1:3000 in PBS for 3 min. Sections were mounted with 254 fluoromount aqueous anti-fading medium (Sigma), and immunofluorescence was observed 255 and documented with a Zeiss imager.z1 microscope. 256 257
Statistics 258
The values presented are mean ± standard error of the mean (SEM). Data were analyzed 259 by one-way ANOVA followed by the Tukey's multiple-range test. When data were not9 normally distributed, a non-parametric Kruskal-Wallis test, followed by a Mann-Whitney test, 261 was used to detect statistical differences. Differences were considered significant at p < 0.05. 262 The changes in fhctsb and fhctsla mRNA abundance from the 2-4-cell stage up to 7 dpf 267 was determined by qPCR (Fig. 1) . Expression of fhctsb and fhctsla was detected at the 2-4-268 cell stage indicating that both transcripts were maternally inherited. However, subsequent 269 changes in the relative amount of fhctsb and fhctsla during development were different. The 270 expression of fhctsb significantly (p < 0.05) dropped at the morula stage, presumably prior to 271 the activation of zygotic expression, and progressively increased thereafter from the blastula 272 stage until 7 dpf (Fig. 1A) . In contrast, the levels of fhctsla remained unchanged until the 273 blastula stage, increasing exponentially from the gastrula stage up to 7 dpf (Fig. 1B) . 274
However, the relative increase of fhctsla from the 2-4-cell stage up to 7 dpf was about the 275 double of that of fhctsb. 276
To investigate the cellular localization of fhctsb expression during early embryogenesis, 277 whole-mount in situ hybridization was carried out (Fig. 2) . Contrary to the results obtained by 278 qPCR, fhctsb transcripts could not be detected by in situ hybridization until the neurula stage, 279 approximately at 24 h postfertilization (hpf) ( Fig. 2A-C) . By this time, a strong signal for 280 fhctsb was obtained in the YSL surrounding the yolk sac ( Fig. 2D-E) , which remained 281 through the 19-somite stage, approximately 48 hpf (Fig. 2F ), up to 5 dpf (data not shown). 282
The high level of fhctsb expression in the YSL was confirmed by immunolocalization of the 283 protein product by whole-mount immunocytochemistry as well as by immunofluorescence 284 microscopy using a specific anti-FhCtsb antiserum (Fig. 3) . In both types of experiments, 285 specific immunoreactions were seen in the cytoplasm of the YSL, whereas the more external 286 blastomeres and the enveloping layer were negative (Fig. 3A) . 287 288
Developmental heterochrony of cathepsin B-and L-like activities 289
In order to investigate if the pattern of fhctsb and fhctsla expression during embryo 290 development correlated with differences in enzyme activation, cathepsin B-and L-like 291 activities were assayed in embryos at different stages of development (Fig. 4) . The 292 developmental pattern observed for the cathepsin B-like activity approximately followed that 293 of fhctsb expression. At the 2-4-cell stage, cathepsin B-like activity was very low and 294 progressively increased as the embryo developed from the morula stage, showing a 8-fold 295 increase as embryos reached the neurula stage (Fig. 4A) . Cathepsin B-like activity increased 296 more moderately until 7 dpf, and then remained stable until the time of hatching, when a low 297 but significant increase in activity was noted (Fig. 4) . The changes in cathepsin L-like activity 298 during development were delayed with respect those of cathepsin B-like (Fig. 4B) . Thus, 299 cathepsin L-like activity remained low until the gastrula stage and increased by about 2-fold 300 at the neurula stage. By 7 dpf, a 6-fold elevation in activity was observed, which continued to 301 increase until 14 dpf (Fig. 4B) . Therefore, both cathepsin B-and L-like activities showed a 302 marked increase (8-and 6-fold, respectively) during development, but that of cathepsin B-like 303 occurred earlier. 304 305
Processing of FhCtsb during embryogenesis 306
To estimate the rate of FhCtsb synthesis and activation during embryonic development, 307
Western blot analysis on immunoprecipitated FhCtsb was performed. In mammals, it is well 308 established that cathepsin B is translated as a preproenzyme, and then transferred to the Golgi 309 The results of these experiments showed that just after fertilization (2-4 cell stage), 321 three FhCtsb immunoreactive bands could be detected, which were identified as 322 preproFhCtsb, proFhCtsb, and FhCtsb active single chain form, with apparent molecular 323 masses of 47, 45 and 30 kDa, respectively (Fig. 5A) . At the morula stage, a significant (p < 324 0.05) increase in the ratio of active FhCtsb single chain with respect the proenzyme was 325
noted, but at subsequent blastula and gastrula stages the ratio decreased again to the levels 326 observed in 2-4-cell embryos (Fig. 5B) . By the neurula stage, a significant (p < 0.05) increase 327 of the active FhCtsb single chain form with respect to the proenzyme was further observed 328 11 (Fig. 5B) , and a fourth 28 kDa immunoreactive band, most likely corresponding to the FhCtsb 329 heavy chain of the double chain form, became apparent (Fig. 5A) . By 7 dpf, the FhCtsb 330 double chain form appeared to increase, whereas the single chain FhCtsb form was almost 331 double that of the proenzyme (Fig. 5B) . These data thus positively correlated with the 332 increased cathepsin B-like activity observed from the gastrula stage up to 7 dpf. 333 334
Pattern of YP hydrolysis during F. heteroclitus embryo development 335
To investigate if the changes in FhCtsb and FhCtsla gene expression and enzyme 336 processing and activity correlated with yolk proteolysis during embryogenesis, the changes in 337 the major YPs were characterized by SDS-PAGE followed by Coomassie blue staining (Fig.  338 6). In 2-4-cell embryos, a total of 11 different bands were revealed by SDS-PAGE, which 339 were named after their apparent molecular mass. Nine of these YPs, YP122, YP103, YP77, 340 . In the present study we show that no major YP proteolysis occurs until after 369 gastrulation. Thereafter, significant proteolysis commences during neurulation and becomes 370 more prominent by 7 dpf. Interestingly, the VtgAb-derived YP69 was maintained more or less 371 intact until 7 dpf, suggesting that VtgAa-derived YPs are the initial nutritive sources during F. 372 heteroclitus early embryogenesis. Nevertheless, the delay in yolk resorption during 373 embryogenesis, which in F. heteroclitus was not detected until 24 hpf, has also been 374 described in salmonids such as masu salmon (Oncorhynchus masou) and Sakhalin taimen 375 
